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@ Sterilization method and apparatua. 

(g) A sterilization method and apparatus wherein microorgan- 
isms are exposed to ultraviolet light characterized by providing 
and operating a mercury/gallium metal hafide ultraviolet light 
source In a manner exposing the microorganisms to ultraviolet 
light and a gaseoua titanium dioxide emitted from the source for 
an exposure time in the range from about 0.3 seconds to about 
60 seconds and at an exposure distance In the range from 
about 0.25 inch to about 4.0 inches, the ultraviolet light being 
emitted through a wavelength range from about 175 nanome- 
ters to about 450 nanometers with the relative energy being In 
the range Uom equal to or greater than 1.3 to equal to or less 
than 250 mlcrowatts/sq.cm./nanometer at one meter. When the 
microorganisms are on the surface of an object, the surface Is 
exposed to the ultraviolet light and to the titanium dioxide to 
provide a dynamic sterilization process on the surface so that 
the critical surface tension on the surface is changed and 
biological contaminant layers are actively removed from the 
surface without altering the originality of the surface which 
eliminates any shielding or screening or microorganisms on the 
surface and which provides complete sterilization on the 
surface with microcombustlon of microorganisms. In addition, 
ozone-free quartz is provided In operative relation between the 
light source and the microorganisms. 
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Description , 



Sterilization Method And Apparatus 



This Invention relates to the art of sterilization, and 
more particularly to a new and Improved sterilization 
method and apparatus employing ultraviolet light. 5 

Traditionally, ultraviolet sterilization of germicidal 
radiation Is accomplished by the passage of an 
electrical discharge through a low pressure mercury 
vapor and emitted at the 253.7 nanometer range. At 
this range, ultraviolet light has the ability to Inactivate 10 
microbial forms. The amount of ultraviolet energy 
required to l<ill microorganisms is the product of time 
and Intensity and Is measured In microwatt seconds 
per square centimeter. Laboratory studies Indicate 
that 8,000 microwatt seconds per square centimeter is 
is sufficient for a 90 percent Inactlvation of most 
viruses and bacteria. Surviving microorganisms are 
left in a wealcened state. Interring with replication 
and increasing their susceptibility to other inactlva- 
tion methods including heat. This may be termed a 20 
static sterilization method, meaning only the micro- 
organisms in direct reception of the ultraviolet light 
on the material surface are Inactivated. Viruses and 
bacteria shielded by a continuously forming oxide 
layer, commonly associated with commercially pure ^ 
titanium and titanium alloy Instrumentation and 
implants, remain active. This microorganism protec- 
tion from ultraviolet light Is traditionally called a 
"screening effect". In addition to oxide layers, 
agglomerates, serum, blood, or even other cells msy 30 
produce the shield, shadow zone, or screen effect. 
Thus, sterilization, using ultraviolet light in the 
traditional method, is very limited and unreliable In 
clinical application. 

in recent times the phenomenon of surface 35 
energy activation has been the subject of various 
studies. These have Involved examining biological 
films on material surfaces and their relationship to 
bioadheslon on blocompatabllity. Bloadheslon is 
essential to a successful osseolntegrated bone 40 
Implant. Studies over the years have encompassed 
sterilization, contaminants, critical surface tension, 
and the radio frequency glow discharge apparatus. 
Briefly findings from those studies are: bloadheslon 
is enhanced by a clean or surface energized and 45 
sterilized material surfece. Clean or surface en- 
ergized means that a material surface Is free of 
contaminants, agglomerates, and any oxide layer. 
Hence, the metal or material suface is bare or naked 
and very reactive to the sunrounding environment. so 

Radio frequency flow discharge apparatus has 
been utilized In experiments for study of surface 
energy activation. The material's critical surface 
tension Is changed thereby making It surface energy 
activated. To accomplish this surface energy activa- 55 
tlon on a specimen, the treatment requires the 
impact removal of an contaminant layers by the 
violently moving Ionized gas particles within a 
chamber, and/or the microcombustion leading to 
oomplete conversion of the detached and contami- so 
nant layer matter to a gaseous form which Is 
evacuated through a chamber exhaust. Two Import- 
ant points must be noted with respect to radio 



frequency glow discharge. First, surfece energy 
activation or cleaning a material surfoce does not 
mean sterilization. Second, the material surface 
originality should not be changed, altered, or 
destroyed. 

It would, therefore, be highly desirable to provide 
an ultraviolet sterilization method and apparatus 
which provides dynamic sterilization of a material 
surface and an Increase In the critical surface 
tension of the material surface thereby Inducing 
surface energy and increased bioadheslon. 

It Is an object of this invention to provide a new 
and Improved sterilization method and apparatus 
employing ultraviolet light wherein a dynamic sterili- 
zation process occurs on the material surface, 
eliminating any shielding or screening effect tradi- 
tionally experienced by ultraviolet sterilization, 
wherein the critical surface tension will be changed, 
i.e. Increased or decreased, on a material surface or 
specimen, wherein contaminant layers, such as 
oxide layers, on a material surface or specimen, are 
actively removed witiiout altering the material sur- 
face originality, and wherein a complete single stage 
sterilization occurs on the material surikce with the 
inclusion of microcombusting or ashing of microor- 
ganisms. 

The present invention provides a sterilization 
method and apparatus wherein microorganisms are 
exposed to ultraviolet light characterized by provid- 
ing and operating a mercury/gallium metal hallde 
ultraviolet light source in a manner exposing the 
microorganisms to ultraviolet light and a gaseous 
metal oxide emitted from the source from an 
exposure time In the range from about 0.3 seconds 
to about 60 seconds and at an exposure distance in 
the range from about 0.25 Inch to about 4.0 inches, 
the ultraviolet light being emitted through a wave- 
length range from about 175 nanometers to about 
450 nanometers with the relative energy being In the 
range from equal to or greater than about 1.3 to 
equal to or less than about 250 microwatts/sq. 
cmVnanometer at one meter. The gaseous metal 
oxide Is titanium dioxide. When the microorganisms 
are on the surface of an object, the surface Is 
exposed to the ultraviolet light and to the metal 
oxide, i.e. titanium dioxide, to provide a dynamic 
sterilization process on the surface so that the 
critical surface tension on the surface is changed 
and biological contaminant layers are actively 
removed from the surface without altering the 
originality of the surtoe which eliminate any shield- 
ing or screening of microorganisms on the surface 
and to provide complete steriii2»tion on the surface 
with microcombusting of microorganisms. In addi- 
tion, titanium-doped ozone-free quartz Is provided in 
operative relation between the light source and the 
microorganisms. 

The Invention will now be described by way of 
example, with reference to the accompany drawings 
wherein: 

Fig. 1 1s a graph of relative energy-wavelength 
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range for sterilization and cleaning of material 
surfoce according to the present Invention ; 

Rg. 2A Is a Zlsman plot of contact angle 
measurements for a pre-steiillzed sample and 
Figs. 2B-2F are Zisman plots of contact angle 
measurements on the sample treated by vari- 
ous methods Including the method of the 
present invention. 

Fig. 3 Is a side elevatlonal view with parts 
removed of apparatus for carrying out the 
method of the present Invention ; 

Rg. 4 is an end elevatlonal view of the 
apparatus of Fig. 3; and 

Rg. 5 Is a schenrmtic diagram of an electrical 
circuit Included In the apparatus of Figs. 3 and 
4. 

The ultraviolet sterilization method and apparatus 
of the present Invention provides dynamic steriliza- 
tion of a material surface and an Increase In the 
critical surface tension of the material surface 
thereby inducing surface energy and Increased 
bioadhesion. The dynamic sterilization combines 
ultraviolet light with molecular excitation. The pro- 
cess is accomplished by a metal hallde mercury/gal- 
lium ultraviolet lamp, of ozone free quartz, with a 
wavelength output of about 176 through about 460 
nanometera. From 175 through 450 nanometers, the 
range of relative energy must be equal to or greater 
than 1 .3, or equal to or less than 250 microwatts/sq. 
cm./nanQmeter at one meter. The operative range of 
the metal halide mercury/gallium ultraviolet lamp 
which accomplishes the process Is illustrated by the 
shaded area in Fig. 1 which Is a graph of relative 
energy-wavelength range from sterilization and 
cleaning of material surface according to the present 
Invention. To accomplish the process, the time of 
material surface exposure may vary from about 60 
seconds to about 0.3 seconds . The time of material 
exposure Is dependent on the relative energy, 
microwatt output of the lamp and the type of 
microorganisms to be destroyed. The distance 
between surface and the light source is In a proven 
range from about 0.25 to about 4.0 inches. The 
environmental or chamber temperature may vary 
between about 40 to about 150 degrees Centigrade 
within the previously stated distance range. 

A mercury/gallium metal halide ultraviolet lamp, of 
the high energy output parameters described here- 
inabove and having an envelope of titanium-doped 
ozone free quartz, emits gaseous titanium dioxide. 
This will be described In further detail presently. With 
this emission. In addition to the ultraviolet light In the 
350 to 450 nanometer wavelength range In an 
enclosed chamber, the process of surface energy 
activation occurs. Test have proven that the critical 
surface energy of the specimen Is Increased, 
thereby Increasing the bioadheslveness or blocom- 
patlbllity. For a more detailed description of such 
tests and results thereof, reference may be made to 
•Surface Analysis Of Titanium Following Steriliza- 
tion - Role In Implant-Tissue Interface and Bioadhe- 
sion". James H. Doundoulakis, Rosweil Park Memo- 
rial Institute Annual Research Report , 1986, the 
disclosure of which Is hereby incorporated by 
reference. Briefly, as described in more detail in that 



report, Fig. 2A is a Zlsman plot of contact angle 
measurements for a pre-sterillzed titanium sample 
and Rgs. 2B-2F are Zisman plots of contact angle 
measurements on the sample sterilized by the 

5 following methods: dry heat treatment, steam sterili- 
zation, ultraviolet according to the present Invention, 
endodontic glass bead sterilization and radio-fre- 
quency glow discharge, respectively. The plot for the 
method -of the present Invention. Fig. 2D. shows a 

10 high P and shallow slope confirming a potential for 
strong biologic reactivity. 

The germicidal energy required to destroy com^ 
mon microorganisms including bacteria, viruses and 
spores, i.e. sterilization, is given In micro ( u) Joules 

15 (J) per sq. cm. or work per area. The work (J) Is the 
product of energy In watts (w) times time in seconds 
(sec). Thus: 

1 uJ =1 uwX 1 sec. or 1 uJ/sq. cm.-l uw-sec./sq. 
cm.- 

20 Sterilization occurs at a wavelength of 253.7 na- 
nometers. At 253.7 nanometers (nm.) wavelength, 
the ultraviolet lamp described produces about 
14.146 uw/sq. cmynm, at 1 meter, if the relative 
energy at 253.7 nm. is 14.146 uw/sq. cm., then in 
25 9.7641 sec, MPET (maximum permissible exposure 
time for the above-described lamp), the wori< per 
area Is 138.123 u w-sec./sq.cm. It Is noted that 8,000 
u w-sec./sq. cm. is needed to destroy most 
microorganisms according to traditional sterilization 
30 techniques using conventional mercury germicidal 
lamps. The foregoing is described In further detail In 
the above-noted Report by Doundoulakls which 
combined the ultraviolet energy at 263.7 nanometers 
with the surface molecular excitation and mlcrocom- 
35 bustlon. Traditional ultraviolet sources lack the 
capacity to penetrate and cause molecular excita- 
tion by photon energy. The dynamic sterilization 
provided by the present Invention is capable of 
penetrating and causing excitation of molecules on 
40 the surface., therefore not requiring the amount of 
energy commonly associated with traditional ultravi- 
olet methods. The excitation phenomenon In dy- 
namic sterilization is similar to sputtering and 
involves the movement of superficial molecular 
45 particles. During this process large quantities of 
thermal energy are released, resulting in mlcrocom- 
bustlon of any unstable surface debri. 

By combining the acthmy Invoked with the surface 
energy activation process simultaneously with the 
50 ultraviolet static light germicidal energy at 253.7 
nanometers, the previously described phertomenon 
of shielding or screening effect is eliminated. In 
addition, the microcombustlon occuning during the 
surface energy activation Inactivates or, in histologl- 
55 cai terms, "ashes" any microorganisms sun^vlng the 
253 J nanometer ultraviolet wavelength. The 350-460 
nanometer ultraviolet light is believed to perform the 
ashing. Hence, there is an active or dynamic process 
occuning on the material surface during sterilization 
60 according to the present Inventton. This dynamic 
process facilitates complete sterilization without 
altering or Injuring, either physically or chemically, 
the originality of the material surface. A prime 
example of this sterilization process is that a medical 
65 instrument with a sharp cutting edge such as a 
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scalpel can be sterilized completely without injuring 
or dulling the instrument's cutting edge. 

Apparatus for carrying out the method of the 
present Invention is illustrated In Figs. 3-5. The 
apparatus includes a housing or case 10 which can 
be generally rectanguiar in shape having front and 
rear paneis 12 and 14, respectively, top and bottom 
panels 16 and 18, respectively, and side panels 20 
and 22. A gate assembly 24 is pivotaily conrected to 
a bracket 26 mounted on the front panel 12. A 
shutter member 28 within housing 10 is fixed on one 
end of a rod 30 rotatabiy mounted In front panel 12 
and provided with a knob 32 on the outer end which, 
in turn. Includes a locking finger or tab 34 adapted to 
engage the gate assembly 24 when knob 32 is 
rotated to a locking position. Panel 12 also is 
provided with three manually-operated switches: a 
lamp switch 36. a power switch 38 and a surface 
energy activation ( s.e.a.) switch 40. Corresponding 
indicator lamps 42, 44 and 46 show when the various 
switches are on. 

The apparatus of this invention Includes two 
identical lamps 48 and 50, each being a mercury/gal- 
lium metal hallde ultraviolet lamp with titanium- 
doped ozone free quartz envelope. Each lamp 48.50 
is of U shape or configuration, and lamps 48 and 50 
are mounted in brackets 52 and 54 which. In turn, are 
supported on another mounting bracket assembly 
55 secured in housing 10. Lamps 48.50 are In axially 
or longitudinally spaced relation, oriented with the 
legs in opposite directions, and disposed in gener- 
ally parallel spaced apart planes. As a result, objects 
to be sterilized can be placed within and along both 
lamps, and the arrangement of the two U shaped 
lamps provides a substantially full circular exposure 
on objects such as Implants. 

The apparatus further comprises a specimen slide 
assembly including a tube 56 fixed In gate assembly 
24, a rod 58 slldable within tube 56 provided with a 
knob 60 on the outer end. and a specimen holder or 
tray 62 carried by rod 58. Tray 62 can be provided 
with upstanding pins 64 to facilitate holding objects 
to be sterilized. When shutter 28 Is pivoted to an 
open position tray 62 can be moved by rod 58 to the 
left as viewed in Fig. 3 placing tray 62 and objects 
therein within the region bounded by lamps 48.50. 

A reflector 64 Is included within housing 10 and 
surrounding the lamps 48,50 to provide added 
protection for persons using the apparatus. A first 
fan 66 supported on bracket 68 Is provided for 
cooling lamps 48,50 and a second fan 70 supported 
on bracket 72 Is provided for exhausting air from 
housing 10. The apparatus also includes a transfor- 
mer 74, terminal block assembly 76, relay 78 for 
controlling the force and a bank of four capacitors 
80.82.84 and 86 for a purpose to be described. A 
timer (not shown) is controlled by a knob 88 on firont 
panel 12. 

Fig. 5 Is a schematic circuit diagram illustrating the 
connection of lamps 48,50, transformer 74, capaci- 
tors 80,82.84 and 86. lamp switch 36 and s.e.a. 
switch 40. When lamp switch 36 is closed, the 
primary of step-up transformer 74 Is connected to 
conventional line voltage for operation at 115 volts 
and 220 ampere Input power. The voltage Is 



Increased through the step-up transformer 74 to 
activate the lamps 48.50, each being an 800 or 1500 
nominal watt, 500 arc volt tubular metal hallde 
ultraviolet lamp of process parameters Indicated 
5 herein. The apparatus has an idle or stand-by mode 
to extend the lamp life. The idle mode is accom- 
plished by the circuit of Fig. 5 through the bank or 
networi< of capacitors 80,82.84 and 86 together with 
s.e.a. switch 40. When switch 40 Is open, only 

W capacitors 80 and 82 are in the circuit with lamps 
48.50 and this Is the idle mode. When switch 40 Is 
closed, all four capacitors 80.82,84 and 86 are in 
circuit with lamps 48.50 and this Is the full operation 
or high mode. With the provision of the idle mode, no 

15 additional warm-up time is required to bring the 
lamps to full efficiency when s.e.a. switch 40 is 
closed to place the apparatus in the high mode. 
Power switch 38 Is not shown in Rg. 5 and controls 
operation of fans 66 and 70. 

20 In the apparatus Illustrated in Rgs. 3-5 each lamp 
48,60 is of U shape or horse show configuration and 
is of the type commercially available from QTE-Sylva- 
nia under the designation MP1500T4U/8M rated at 
1500 watts. An alternative fomn of lamp Is of straight 

25 or tubular configuration and commercially available 
from QTE-Sylvania under the designation MP1500 
T4/8B. !-amps of this type are provided with 
titanium-doped quartz tubing of the type which 
transmits little or no radiation below 200 nanome- 

30 ters, i.e. ozone-free quartz. This is the ozone-gener- 
ating region, and the reduced transmission In this 
region provided by the quartz tubing avoids potential 
hazards associated with ozone. In alternative ap- 
paratus arrangements, objects or substances to be 

35 sterilized can be located within a tube or conduit of 
ozone-free quartz and the lamp or lamps located 
outside of and/or around such tube or conduit. For 
example, fluid to be sterilized such as blood would 
be conveyed through such conduit. The gaseous 

40 titanium dioxide emitted during the process of the 
invention results from operating the lamp with 
ozone-free quartz in the atmosphere. In particular, 
the ozone-free quartz associated with the lamp Is 
doped with titanium for purposes of clarity. It is 

45 known that ultraviolet lamps having envelopes of 
ozone fee quartz doped with titanium will emit 
titanium dioxide when operated In air. Operation In 
air Is required to provide oxygen for oxide formation 
by combination with titanium released from the 

50 ozone free quartz when exposed to the ultraviolet 
light. The titanium dioxide is responsible for the 
excitation phenonemen In the dynamic sterilization 
characteristics of the present invention. The fore- 
going Is an illustrative sequence of steps for 

55 operating the apparatus of Figs. 3-5 to carry out the 
method of the present Invention. 

1. Chamber 10 is placed on a level, sturdy 
stand In upright position. 

2. Set all switches 36,38.40 in off position and 
60 rotate knob 32 counterclockwise in Rg. 4 to 

place lock 34 In locked position (othenvlse 
apparatus will not function) which places shut- 
ter 28 in open position. 

3. Plug chamber 10 into 115 volt, 220 amp 
65 grounded receptacle. 
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4. Turn power switch 38 to ON to operate fans 
66and70. 

6. Turn s.ejL switch 50 to HIGH to place all 
four capacitors In the circuit. 

6. Turn lamp switch 36 to ON to apply power 
to transfonner 74. lamps 48.50 and capacitors 
80.82.84 and 86. 

7. Allow Initial warm up time for lamps of five 
minutes. 

8. Turn s.e.a. switch 40 to LOW to place the 
apparatus in the idle mode. 

9. Pull drawer or specimen holder out from 
the chamber by means of rod 58. 

10. Turn door locl< icnob 32 clockwise In Fig. 4 
to close shutter 28 and unlocic door or gate 24. 
Then pivot door 24 to access specimen holder 
62. 

11. Place instrumentation. Implants, or ma- 
terial to be sterilized on specimen holder 62. 

12. Pivot door 24 to Insert holder 62 Into the 
chamber and turn door lock 32 to lock position 
(counter clockwise) which opens shutter 28 
and locks door 24. 

13. Turn s.e.a, switch 40 to HIGH. 

14. Push drawer or specimen holder 62 Into 
chamber using rod 58. 

15. Allow 8 seconds for surface energy 
activation and sterilization of material. 

16. Repeat steps 8 through 10 to rernove 
sterilized objects. 

Byway of example, the foregoing procedure using 
the apparatus of Figs. 3-5 was carried out for 
sterilizing three sample items: a titanium dental 
implant, a titanium medical instrument and a piastlc 
surgical suture. Rrst, the procedure was canried out 
on the previously described Indicator to confirm 
sterilization capability of the method and apparatus. 
In particular, the Indteator Is of the type commercially 
available from Amsco Medical Products Division of 
American Sterilizer Company and is rated at 13,000 
uw-sec./sq.cm. It is in the fomi of a vial containing a 
test medium, and the vial was placed in the chamber 
and the foregoing procedure canled out. Then the 
vial was removed and a test strip inserted therein 
Into the medium. The test strip was removed from 
the vial and medium and incubated for about twenty 
four hours. Then it was compared to a color chart 
which Indicated that the method and apparatus 
achieved the 13,000 energy level for sterilization. 
Then the procedure was canied out successively on 
the Implant, Instrument and suture. In each case, 
after the procedure, the specimen was Investigated 
by spectrographic analysis and complete sterilfza- 
tion was confirmed. The relatively short exposure 
time of eight seconds Is particularly advantageous In 
sterilizing plastic sutures. Conventional methods 
requiring considerably larger exposure times can 
melt or otherwise damage plastic sutures. 

The present invention is further illustrated by the 
following additional example. In the first phase, 
designated Protocol A, sixty eight commerciallly 
pure titanium Intraoral implants are utilized. The 
Implants represented Irregular shaped objects and 
their size offered intricacies which would produce 
•shadow zones'. In particular, they are of the type 



commercially available from Bud Industries, Inc., 
Holland New York, and each has a threaded portion 
temilnating at one end and having an annular flange 
at the opposite end. One half of them were fitted with 

5 closure plug as at the end adjacent the annular 
flange. All implants were further subdivided in four 
categories as indicated In the first row of Table I. 
Forty-eight implants fell into two equal subdivisions. 
In one area the Implants with closure plugs and the 

10 other without. The remaining implants were also 
equally divided into two control subdivisions. Each 
control subdivision consisted of five implants with 
closure plugs and five without (total of 10 per 
subdivision). One subdivision is for positive control 

IS while the other for negative control. 

Al^ categories were ultrasonlcaliy cleaned for 20 
minutes with residue free detergent as indicated In 
the second row of Table I and packaged for 
sterilization. The detergent employed was IMS from 

20 Hu-Friedy, Chicago, Illinois, Sterilization. Indicated In 
the third row of Table I. was accomplished fn a 
Vernltron Regency autoclave. The cycle for steriliza- 
tion Is 20 minutes of exposure to moist heat at 120*'C 
and 15 psi. This preparation was to Insure no 

^ contamination existed prior to Inoculation. 

TABLE 1 
Protocol A 

30 68 Commercially Pure Titanium implants 
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10 

Implants 
for Positive 
Control 

Ultrasonic 

Cleaning 

for 20 min. 

Auto- 

claved to 

Sterilize 

Random 

Inoculation 

with 

Spores of 
Bacillus 
Stearther- 
mophllus 



24 

Implants 

With 

Closure 

Plugs 

Ultrasonic 

Cleaning 

for 20 min. 

Auto- 

claved to 

Sterilize 

Inoculated 

witii 

Spores 

Bacillus 

Stearther- 

mophilus 



24 

Implants 

Without 

Closure 

Plugs 

Ultrasonic 

Cleaning 

for 20 min. 

Auto- 

ciaved to 

Sterilize 

Inoculated 

with 

Spores 

Bacillus 

Stearther- 

mophilus 
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Impfants 
For 

Negative 
Control 
Ultrasonic 
Cfeaning 
for 20 min. 
Auto- 
claved to 
Sterilize 
Exposed 
to Air m 
Sterile 
Petri Dish 
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XSSI uv 
Treatment Treatment 
Placed In Trypticase 

Soy Broth and 
Incubated for 48 hrs at 
56*»C 
Subcultured On 
Tryptocase Agar 
Enriched with 50A> 
Sheep Blood 

The biological Indicator deployed is Bacillus 
Stearthennophllus spores. This organism is gram 
negative aerobic rod bacteria. Its spores display the 
greatest resistance to heat and less sensitivity to 
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radiation when compared to other microbes. This 
species (s commonly recommended to access the 
validity of moist heat and Ionizing radiation steriliza- 
tion by the National Institute of Health. The spores 
were grown from a commercial biological Indicator, 
In partfcutar Attest Sterilization Monitoring by 3M 
Company, in five mis of trypticase soy broth 
commercially available from BBL Microbioiogy Sys- 
tems. Cocl<eysviile. Md. and Incubated for one week 
at 56° C. This allowed the bacteria In the broth to 
reach a spore forming stationary phase for use as 
the inoculum. 

Three implants with closure plugs were individ- 
ually Inoculated with a 10^ concentration of Bacillus 
stearthermophilus spores. Inoculum was limited to 
the top and threaded areas of the implant. This was 
done with a medium fine sterile camel hair artist's 
brush. The contaminated Implants were placed on a 
sterile titanium tray such as specimen holder 62 In 
the apparatus of Fig. 3 so that the flange of the 
Implant supported it in a vertical position. They were 
exposed to 2537A UV treatment in the apparatus of 
Figs. 3 and 4 which was confirmed by a BLAK-RAY 
Ultraviolet meter to measure short wave intensities. 
The first exposure lasted 10 seconds, then the 
Implants were turned upside down Into another 
sterile titanium tray and again exposed for 10 
seconds. The manipulation of implants was done 
with sterile forceps. The next trial utilized implants 
without closure plugs. These were inoculated in the 
same manner and placed on posts. The initial 
exposure In the apparatus was for 10 seconds 
before transferring them onto the sterile titanium 
tray for the second exposure. Each category was 
alternated until 18 trials, with 3 implants per trial, 
were finished. Once the desired exposure was 
established after each trial, each Implant was placed 
in 5 mis Trypticase soy broth (one implant per test 
tube) and Incubated for 48 hrs, at 56'>C. The test 
tube with broth and Implant were evaluated for 
turbity implicating a failure In sterilization. The 
foregoing is set forth In Table I. 

During the length of the experiment ten Implants 
were inoculated In the same manner individually ten 
different times to Indicate a positive control. Also a 
number of implants were used for a negative control. 
These however were placed in sterile petri dishes for 
one minute duration and exposed to conditions of 
the room. This was done 10 times to see If any 
outside contamlnents entered the experiment. 
Again ail positive and negative control Implants were 
placed In the trypticase soy broth and incubated 
similarly. 

TVventy four hours later all test tubes were 
subcultured onto a trypticase agar medium en- 
richted with 50/o sheep blood commercially available 
from BBL Microbiology Systems Cockeysville, Md. 
This was not done for the positive controls. The 
subcultures were incubated for seven days at 66*0 
to verify that the initial growth medium was adequ- 
ate. 

Sterility was maintained strictly during the entire 
experiment. 

For the next phase, designated Protocol B. five 
commercially pure titanium Implants were prepared 



Identically as In Protocol A. Again Inoculation was 
done with a sterile brush, however, these implants 
were allowed to dry for one hour before subjecting 
theme to Scanning Electron Microscope Inspection. 
S After S.E.M. examination, the contaminated Implants 
were relnoculated to Insure no interference from the 
electron beam in the S.E.M. Is evidenced. Ultraviolet 
exposure was for 10 seconds Initially, followed by 
appropriate manipulation to exposure the underside 

10 for another 10 seconds. This was followed by 
placement Into the Trypticase soy broth after 
treatment and Incubated for 48 hours at 66* C. Once 
the results of sterility were noted these implants 
were retrieved for a 2nd examination under S.E.M. 

15 The foregoing Is illustrated In Table II. Again sterility 
was maintained during the entire procedure. 

TABLE 11 

20 Protocol B 

5 Oommercially Pure Titanium Implants Without 
Closure Plugs 

Pretreated and Sterilized as In Protocol A 

Inoculated With Spores of Bacillus 
^ Stearthermophilus 

Scanning Electron Microscope Examination 

Relnoculated 

UV Treatment 
30 Placed in Trypticase Soy Broth and Incubated for 

48 hrs. at 66*0 

Second SEM Examination 

The results obtained from Protocol A for titanium 

35 implants after contamination with spores from the 
species Bacillus stearthermophilus followed by UV 
treatment, prove its effectiveness In sterilizing 
Inregular shaped objects. Only one of the 48 implants 
had failed to meet criteria for verifying sterilization as 

40 evidenced by turiDldlty of broth Indicating microbial 
grbwth. The results from the experiment were 
determined by comparing turbidity In the growth 
medium to the Individual results of the positive and 
negative controls. In addition, turbidity present In the 

45 positive controls indicated that viable organisms 
were present during Inoculation. The negative 
controls provided that no contamination from the 
environment entered the experiment In particular, 
the negative controls remained clear when com- 

50 pared to the unutilized broth. Raw data analysis 
shows that 96o^ of the implants with closure plugs 
had been sterilized and 100<Vb of the implants 
without closure plugs were successfully sterilized as 
indicated by lack of turbidity In the broth. These 

55 percentages Imply that 'shadow zones' created by 
irregular shaped objects did not have a tremendous 
effect on the outcome. 

The subcultures which were done 24 houre later 
did confirm Identical results to the trypticase soy 

60 broth. The enriched growth medium did not aid in 
producing colonies except for the Implant which had 
failed. Therefore, no interferences was noted due to 
the Initial growth media used. 
Table III shows the temperature variations In the 

65 room and ultraviolet (UV) chamber. At the start of 
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the experiment the UV chamber temp was 90**C and 
when the trials completed It was lOO'C. During each 
trial the temperature of UV chamber only Increased 
by 10*C with every 10 second exposure. Mo 
significant temperature Increases were noted unless 
the UV apparatus was allowed to run indefinitely. 

The Implant which had failed sterilization was 
treated In the first trial. The two other Implants of the 
same trial had been successfully sterilized. The 
Implant which failed was known to be Inadvertently 
contacted with a contaminated surface during, 
transfer from the sterilization chamber to the test 

tube. * J u 

The results from protocol B were Investigated by^ 
Scanning Electron Microscope Inspection. This 
protocol was devised to conflnm that the Inoculum 
had spores present and they were mixed In with 
debri from dead vegetative cells. Under S.E.M, 
Inspection of an Individual thread on the implants 
revealed Inoculation debri with spores and also a 
defect In the thread from the milling process. By 
increasing the S.E.M. magnification It was evident 
that spores were present and well distributed 
around the defect. UV treatment again sterilized all 
five of the Implants by not producing trubidity in the 
tryptlcase soy broth. The implant was reexamined by 
S E.M. after sterilization and the defect was ob- 
served to be free of debri and spores. This finding 
supports the fact that -screening effects" by 
microlmperfectlons and debris did not Influence the 
outcome of the experiment. 

Table III 

Tem peratures At Various Stages of UVTreatment 

START - (Following 20 Min. Chamber Warm Up) 
Room Chamber (Ump on 

High for 1 Min. 45 Sec 

72"F 

FINISH 

Room Chamber 

a) After 1 Min Warm Uf> 
On High 

70"»F 212**F 
22«C 100**C 
b) After 10 Sec. 
Exposure 

230*»F 
110^0 

Note: Bulb will not run beyond 250^0 475"F 

The foregoing supports the following conclusions. 
Dynamic sterilization with ultraviolet light possesses 
the potential to Irradlale all surfaces of the Irregular 
shaped objects thus eliminating "shadow zones" 
and "screening effects" created during use of 
traditional ultraviolet light. Dynamic sterilization Is a 
rapid and convenient method of destroying biologi- 
cal Indicator spores, which supports the capabilities 
of ultraviolet light for sterilization. Dynamic steriliza- 



tion should be utilized to sterilize titanium Implants 
since It also produces controlled surface properties 
necessary for osseointegration. 
The method and apparatus of the present inven- 
5 tlon advantageously eliminates any shielding or 
screening effect traditionally experienced by con- 
ventional ultraviolet sterilization and thereby 
achieves higher degrees of sterilization. In particu- 
lar, the method and apparatus of the present 
10 invention employs dynamic sterilization by which 
ultraviolet light penetrates and excites molecul^^s on 
the surface of an object thereby releasing thermal 
energy. As a result, all surface debris, including 
bacteria, viruses and spores, is vaporized, without 
IS causing damage or erosion to the sterilized object. 
Other sterilization devices, such as the autoclave. 
Involve a combination of heat, pressure or steam 
which dulls and wears down an object's surface over 
time. Another limitation of such conventional ap- 
20 preaches is that they sterilize, but do not vaporize, 
the foreign matter. As compared to radio frequency 
glow discharge, the method of the present Invention 
has a number of advantages. With radio frequency 
glow discharge, process time typically Is about 
25 twenty minutes, a vacuum chamber with argon gas Is 
required and the surface being sterilized is not only 
cleaned but also textured. With the present Inven- 
tion, process time Is a maximum of about one minute 
and often considerably shorter, It is carried out in a 
30 standard or normal atmosphere and it cleans but 
does not destroy the original surface. The process 
of the present Invention achieves sterilization at an 
ultraviolet wavelength of 253;? nanometers, but no 
comparable sterilization data is available for radio 
3S frequency glow discharge. 

The method and apparatus of the present inven- 
tion finds advantageous use in a wide variety of 
applications. As indicated in the foregoing exam- 
ples by successfully destroying biological Indicator 
40 spores. It Is partlcularty useful In sterilizing In^egular 
shaped objects, especially titanium implants. In 
particular, the method and apparatus of the present 
invention provides sterilization of the Implant sur- 
face, removal of all organic debris from the surface 
45 of the Implant thereby providing an exceptlorally 
clean surface and production of a high critical 
surface tension and, therefore, a high surface 
energy measured at between 40 and 70 dynes/cm. 
The significance of these results In addition to the 
5a cleaning and sterilization features.. Is the high 
surface energy produced by ultraviolet light treat- 
ment which enhanced and promoted tissue adhe- 
sion or tissue acceptance, known as osseointegra- 
tion of implant devices which is so critical In oral and 
55 maxillofacial Implants, orthopedic implants and spi- 
nal fixation devices, in order to Improve clinical 
success rates under function. The ultraviolet light 
chamber apparatus of the present Invention with Its 
unique features of sterilization and cleaning in 8 to 
60 10 seconds, with minimal heat, at chalrslde, there- 
fore available for immediate use In patients, can have 
a major, positive impact on the needs of the medical, 
dental and allied health professions. 
Since the method and apparatus of the present 
65 Invention sterilizes and cleans without the use of 



7 



13 



EP 0313409 A2 



14 



water or high heat, utilization of the Invention also 
has potential application In such areas as the 
maintenance of sharp edges and prevention of 
rusting and corrosion of surgical Instruments, as 
well as resterlllzation of suture material without a 
loss of fiber strength. The method and apparatus of 
the present invention also has the capability of 
cleaning surfaces of small titanium valves, small- 
sized electronic components and other small metal 
and plastic parts to remove unwanted contaminants 
which could otherwise Interfere with operation of 
such parts. The capability of cleaning Items of plastic 
material such as sutures can be extended to plastic 
containers and packages thereby providing applica- 
tion of the method and apparatus of the present 
Invention in food processing and food handling. As 
previously described, the method and apparatus 
also may find use In sterilizing fluids and liquids such 
as blood as possible treatment of minimal water and 
sewage. 

It is therefore apparent that the present Invention 
accomplishes Its intended objects. There Is pro- 
vided an ultraviolet sterilization method and appara- 
tus which provides dynamic sterilization of a material 
surfece and an Increase in the critical surface 
tension of the material surface thereby inducing 
surface energy and Increased bloadheslon and 
which achieves a degree of sterilization heretofore 
unavailable with traditional ultraviolet techniques. In 
particular, the critical surface tension is changed 
(increased or decreased) on a material surface or 
specimen. The biological contaminant layers, such 
as oxide layers, on a material surfece or specimen, 
are actively removed without altering the material 
surface originedity. A dynamic sterilization process 
occurs on the material surface, eliminating any 
shielding or screening effect traditionally experi- 
enced by ultraviolet sterilization. A complete single 
stage sterilization occurs on the material surfece 
with the Inclusion of microcombusting or ashing 
microorganisms. The resulting induced surfece 
energy and increased bloadheslon allows more 
immediate osseolntegration thus expediting the 
healing phase of Implantation. 

While an embodiment of the present Invention has 
been described In detail, that is for the purpose of 
illustration, not limitation. 



1. A method of sterilizing a surfece of an 
object comprising the steps of: 

a) providing a mercury/gallium metal 
hailde ultraviolet light source; 

b) placing the object and surfece to be 
sterilized In proximity to said light source; 

c) operating said light source to emit 
high energy ultraviolet light and a metal 
oxide; and 

d) exposing said surfece to said ultravi- 
olet light and to said metal oxide to provide 
a dynamic sterilization process on said 



surfece so that the critical surface tension 
on said surfece Is changed and biological 
contaminant layers are actively removed 
from said surface without altering the 

5 originality of said surfece which eliminates 

any shielding or screening of microorgan- 
isms on said surfece and which provides 
complete sterilization on said surface with 
microcombusting of microoganlsms. 

fO 2. A method according to claim 1, wherein 

said metal oxide Is titanium oxide. 

3. A method according to claim 1, wherein 
said emitted ultraviolet light has a wavelength In 
the range from about 175 nanometers to about 

IS 450 nanometers. 

4. A method according to claim 3, wherein 
the range of relative energy of said ultraviolet 
light is equal to or greater than 1 .3 or equal to or 
less than 250 microwatts/sq.cm./nanometer at 

SO one meter. 

5. A method according to claim 1 wherein the 
exposure time of said surfece is In the range 
from about 0.3 seconds to about 60 seconds. 

6. A method according to claim 1. wherein 
25 the distance between said light source and said 

surface Is In the range from about 0.25 Inch to 
about 4.0 inches. 

7. A method according to claim 1, wherein 
said steps of exposing said surfece Is carried 

30 out in an enclosure under atmospheric condi- 

tions. 

8. A method according to claim 1. further 
including providing titanium doped ozone free 
quartz in operative relation between said light 

36 source and the object. 

9. Ultraviolet sterilization apparatus compris- 
ing: 

a) a mercury/gallium metal hailde ultravi- 
olet lamp for emitting gaseous titanium 

40 dioxide and ultraviolet light through a 

wavelength range from abut 175 nanome- 
ters to about 450 nanometers; 

b) means for supplying electrical power 
for operating said lamp; and 

45 c) means for supporting an object to be 

sterilized In proximity to said lamp for 
exposing a surface of said object to 
ultraviolet light and gaseous titanium diox- 
ide emitted from said lamp. 
SO 10. Apparatus according to claim 9, furtiier 

Including a body of titanium-doped ozone free 
quartz operatlvely positioned between said 
lamp and said supporting means. 

11. Apparatus according to claim 9, wherein 
55 said lamp and said supporting means are within 

an enclosure. 

12. A method of increasing the critical surfece 
energy of a surfece of an object comprising the 
steps of: 

50 a) providing a mercury/gallium mefel 

hailde ultraviolet light source; 

b) placing the object and surfece to be 
sterilized In proximity to said light source; 

c) operating said light source to emit 
6S high energy ultraviolet light and a metal 
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oxide; and 

d) exposing said surface to said ultravi- 
olet light and to said metal oxide to provide 
a dynamic process on said surface so tiiat 
the critical surface tension on said surface 
is Increased and contaminant layers are 
actively removed from said surface without 
altering the originality of said surface which 
eliminates any shielding or screening of 
contaminants on said surface and which 
provides complete cleaning on said sur- 
face vrith microcombusting of contaml- 



10 



nant. 

13. A method according to claim 12. wherein 
said metal oxide is titanium oxide. 

14. A method according to claim 12, wherein 
said step of exposing said surface Is carried out 
under standard atmospheric conditions. 

15. A method according to claim 12. further 
including providing titanium-doped ozone free 
quartz in operative relation between said light 
source and the object. 
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